INTRODUCTION
Intensive physical exercise can be associated with a number of short-term metabolic changes, including changes in glucose homeostasis and disturbances of electrolyte and acid-base balance [21] . These changes depend on several factors, such as intensity and length of the challenge, condition of the animal, thermoregulation and at-mospheric conditions [16] . Many authors have described organ system changes during exercise and investigated the time needed for returning the exercise-altered parameters back to the quiescent level. Changes in serum concentrations of biochemical parameters and acute phase proteins were described in sled dogs [2] . Acute phase response (APR) is a rapid inherent protective mechanism of the organism developing before stimulation of specific immune response that limits damage to tissues. APR supports restoration of homeostasis. The APR triggering stimuli include: trauma, infection, stress, neoplasia or inflammation [5, 12] . APR is characterised by a number of various systemic influences, such as: fever, leukocytes, changes in the concentrations of hormones and mineral elements, and metabolic changes [7] . APR is also associated with changes in the level of acute phase proteins (APP) [3] . C-reactive protein (CRP) is the most sensitive acute phase protein in dogs [11] . In these animals, the increase in CRP is more rapid than in humans. After the stimulation, increased levels of CRP can be detected for the first time after 4 hours and maximum levels of this parameter are detected after approximately 24 hours. Contrary to this, the increase in CRP in humans is generally detected 6 hours after the stimulus and its maximum levels are reached after 48 hours.
The half-time of CRP break-down is relatively short and it occurs after about 6-8 hours [4, 13, 14] . Some biological factors may affect the level of APP in dogs, such as: breed, pregnancy, nutrition status, environment, some medicines, and physical exercise [3, 9] . Increase in the concentrations of CRP in dogs observed during systemic inflammatory response is difficult to distinguish from that induced by intensive physical activity [22] . Although greyhound and sled dog races are the best known dog sports, dog athletes can compete in a range of other sports.
The aim of our study was to investigate the potential changes in haematological and biochemical parameters in German shepherd dogs involved in sport and defence training.
MATERIALS AND METHODS
We investigated a group of 10 healthy German shepherd dogs (9 bitches and 1 male, 2-6 years old). Before the investigation, all dogs were examined clinically, were afebrile and exhibited normal quiescent values of respiration rates and pulse. Samples of blood were collected from vena cephalica antebrachii before a short duration high-intensity exercise and 6 hours after the exercise. The dogs were not exposed to physical exertion for 48 hours before the first blood sampling. The relevant biochemical and haematological parameters were determined in the blood of the dogs.
During the study, the dogs were subjected to the fol- All statistical and database operations were performed with the help of a personal computer using a table proces- * -Significant at P < 0.05 HGB -haemoglobin; RBC -erythrocytes; WBC -leukocytes; MCV -mean corpuscular volume; HCT -haematocrit; MCH -mean corpuscular haemoglobin; MCHC -mean concentration of haemoglobin in erythrocytes; RDW -distribution curve of erythrocytes; RETIC -reticulocytes; NEU -neutrophils; LYM -lymphocytes; MONO -monocytes; EOS -eosinophils; BASO -basophils; PLT -thrombocytes (platelets); MPV -mean platelet volume; PDW -platelet distribution width; PCT -platelet haematocrit; CRP -C-reactive protein sor Excel (Microsoft, USA) and the following tests: Grubbs test, Bartlett test, and one and two factor analysis of variance ANOVA. The level of statistical significance was set to P < 0.05.
RESULTS
The investigation of haematological parameters showed a significant decrease in the mean values of PCT 6 hours after the training (from 0.32 ± 0.08 % to 0.25 ± 0.06 %; Table 2, Fig. 1 ). Significant differences (P < 0.05) in the levels determined before and after exercise were observed also for phosphorus, which increased from 1.13 ± 0.19 to 1.38 ± 0.10 mmol.l -1 ( Fig. 2 ). The results of other parameters presented in Tables 1 and 2 showed no significant differences in the other concentrations or activities. * -Significant at P < 0.05 AST -aspartate aminotransferase; ALT -alanine aminotransferase; GGT -gamma-glutamyl transferase ALP -alkaline phosphatase; pAMS -pancreatic amylase; LDH -lactate dehydrogenase ALB -albumin; CREAT -creatinine;UREA -urea; TBIL -total bilirubin GLU -glucose; TCHOL -total cholesterol; TG -triglycerides These dogs exhibited significantly increased CRP levels [2] .
Such changes agree with those reported by other authors who pointed to the role of the acute phase proteins not only in association with inflammatory processes, but also in situations not related to inflammation, when the animals are exposed to stress factors.
In our study we detected increased levels of CRP 6 hours after exercise (Table 1 , Fig. 2) , however, the increase was insignificant. It should be mentioned that the examination of blood samples before exercise showed that haematological and biochemical parameters in the clinically healthy dogs were within the reference range except for CRP which ex- ). This may be ascribed to the regular training of these dogs. The levels of CRP determined after high-intensity exercise were higher than those observed at inflammatory processes associated with infectious diseases. W a k s h l a g et al. reported that despite increased levels of CRP in dogs, these animals did not show an increase in IL-6 compared to the basal level [21] . A study in people demonstrated that after 25 km runs in 4 subsequent days, the CRP levels were increased on days 3 and 5 but no changes were observed in components of C3 and C4 complements [8] . Studies in humans also found a decrease in HGB and HCT in athletes in comparison with untrained persons, between periods of rest and training seasons and between beginning and completion of races [8, 19] . In athletes during training, particularly for endurance races, a decrease in HCT was described due to increase in plasma volume referred to as "sport anaemia". This increase in plasma volume in trained individuals is most likely caused by aldosterone-dependent renal reabsorption of sodium and retention of water. This occurs due to an increase in antidiuretic hormone as a compensatory mechanism of fluid losses during physical challenge [10] . A decrease in HGB and HCT was described also in sled dogs during training and racing [6, 15] . Our study also showed a decrease in the levels of HGB and HCT after exercise (Table 1) (Table 1) [17]. A n g l e et al. reported significantly higher concentrations of Na, K, Ca and ALB in samples collected from sled dogs before short duration high-intensity exercise [1] . The observations by R o v i r a at al. indicated a decrease in sodium at 5 and 15 minutes after exercise. After 30 minutes, the levels of Na returned back to those before exercise and, at the same time, a gradual decrease in Cl was observed in these dogs [17] . Our study showed a decrease in K, Na and Cl after exercise but contrary to the above shifts, Ca and ALB were increased at 6 hours after exercise. Fig. 5 ). W a k s h l a g et al.
reported only a slight decrease in the concentration of Fe haemoglobin is released through glomeruli into the urine and haemoglobinuria may develop [18] .
CONCLUSIONS
Our results indicate that high-intensity short duration exercise induced significant changes in concentrations of Ca, P, Na, K, Cl, Fe, PCT and AST in German shepherds.
Rapid increase in concentration of APP after exercise and subsequent rapid decline during the quiescent phase when the animals were not exposed to additional stimulus, makes it possible to use APP as a biomarker for routine screening of health and condition of these animals. When evaluating the levels of CRP as a non-specific indicator of inflammation, one should consider the fact that intensive exercise can also affect the level of this parameter.
